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INTRODUCTION
National governments from around the world met in
Poznan, Poland in December 2008 at the 14th
Conference of the Parties to the United Nations
Framework Convention on Climate Change (1). This
conference came at a time of increasing political and
scientific confidence in the role of human-induced
greenhouse gas emissions in changing global
temperatures. The most recent (2007) report of the
Intergovernmental Panel on Climate Change (2) states
that climate change is now “unequivocal”, based on
increasing evidence from global average air and ocean
temperatures, melting of snow and ice, and rising global
average sea level” (2).  While there remains uncertainty
regarding the specific nature and rate of climatic
changes and their impacts, there is negligible scientific
doubt that the global climate is changing and that these
changes will have significant and potentially profound
impacts on a wide range of ecological and human
systems across the planet (3-6). 
That climate change predictions are both scientifically
and politically daunting lessens neither their verity nor
implied imperative (7, 8). Climate change will involve
an average increase in global temperatures of
approximately 1.1-6.4°C by the end of the century (1);
this range reflects both uncertainty in climate modeling,
as well as a range of possible scenarios for how we will
respond to climate changes, including mitigation,
technology development, economic development and
population growth. This temperature shift will be
manifest in average global climatic changes, including
higher maximum temperature, more very hot days,
increased occurrence and severity of heat waves, fewer
cold and frost days, fewer cold spells, more intense
precipitation events, increased risk of drought in
continental areas, increased cyclone intensities, and
intensified ENSO events. These effects will, however,
vary significantly by region and act within existing
climate conditions. For example, while parts of Latin
America will see minimal changes in temperature,
Arctic regions are expected to experience an average
temperature shift of 4-7°C by the end of the century (9)
and recent research suggests that even these projections
may be conservative (6, 10).
Changes in our global and regional climate systems
will have important implications for health and health
systems (11-22). The World Health Organization
estimated that in the year 2000, climate change caused
approximately 150,000 excess deaths worldwide, as
well as 5 million disability-adjusted life years (19).
Temperature and weather have direct effects on
mortality and morbidity through the occurrence of
extreme weather events, including heatwaves, cold
periods, storms, floods, and droughts (11, 23-25). Such
events can, in turn, affect the incidence of food-borne
and water-borne disease (26, 27). The habitat and
survival of insect species capable of transmitting many
vector-borne diseases are affected by temperature and
water regimes (28, 29). Many pathogen replication
cycles are also determined by temperature conditions.
Indirect impacts of climate change on livelihoods, such
as increased economic vulnerability, reduced
availability of food resources, and reduced allocation of
government funding for health systems, may also have
important, though unquantified, impacts on global
health systems (2, 12, 14, 18, 20, 30).
Health impacts due to climate change have already
been documented, including changes in the range of
some vector-borne diseases (28, 29, 31-33) and an
increase in heatwave-related deaths (11, 34, 35).
Indirect effects will also include increases in regional
food insecurity, migration resulting from environmental
degradation, and loss of environmental-dependent
livelihoods resulting from ecological shifts in weather
or species distributions (16). Table 1 summarizes the
reported and projected health impacts of climate change
documented by the Intergovernmental Panel on Climate
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Change (IPCC). The IPCC, an intergovernmental body
open to all United Nations member countries,
comprehensively assesses existing literature related to
climate change science, potential impacts, and options
for adaptation and mitigation. The published reports
represent the consensus of thousands of scientists
around the world contributing as authors and reviewers,
as well as political consensus required by member
countries for the acceptance, adoption and approval of
the final document. These projections and measures of
confidence are therefore believed to be conservative (3-
5). 
Current climate change effects on global health are
small but increasing in most countries (16). This is due
to the lag effect between greenhouse-gas emissions,
climate system warming, and the weight of evidence
documenting health impacts. While the burden of
negative health impacts will be disproportionately high
in poorer countries, even high-income countries will be
vulnerable to morbidity and mortality related to
increases in the number and severity of extreme weather
events such as storms, heatwaves, and floods (16).
Vulnerable populations in all countries include the
urban poor, the elderly and children, traditional
communities, subsistence farming communities, and
coastal populations (16, 21, 36-38). Evidence does not
support the potential for economic development to
combat the health impacts of climate change (16).
CLIMATE CHANGE AND HEALTH IN CANADA
Canada will not be immune to the health impacts of
climatic change (39-42). Canada has observed
approximately 1°C rise in temperature since the
beginning of the century, and we can expect this to
continue by about 0.5 degree per decade, up to 5°C over
the next century (42). This temperature change is not
insignificant; the earth’s temperature was, for example,
only 4-5 degrees cooler during the last ice age (43). 
The effects of climate change in Canada will differ
between regions (42). While the Prairies are expected to
experience warmer, drier summers and more sever
summer droughts, Ontario and Quebec can expect
decreased snow, increased rainfall, and an increase in
the incidence of severe summer storms (44). The
greatest changes will occur in the Canadian North,
where temperature changes are projected to be among
the highest in the world, and where traditional,
resource-dependent communities are considered highly
vulnerable (9, 42, 45, 46). Indeed, for northern Inuit
communities, climate change poses a significant threat
to traditional livelihoods in the short to medium term
(45, 47-49).
Canada will experience a number of significant direct
and indirect impacts of climate change (39-42).
Extreme heat events are expected to become more
frequent, longer in duration, and more intense (42).
Extreme heat events can exacerbate health conditions,
such as asthma, as well as lead to an increased number
of deaths (11, 23, 50, 51). Heat waves were responsible
for over five hundred deaths in Chicago during a 5-day
Existing impacts Level of uncertainty *
Alter the distribution of some infectious disease vectors Medium confidence
Alter the seasonal distribution of some allergenic pollen species High confidence
Increase heatwave-related deaths Medium confidence
Projected impacts
Increase in malnutrition and consequent disorders, including child growth and development High confidence
Increase in morbidity and mortality related to heatwaves, floods, storms, fires, and droughts High confidence
Continued changes in the ranges of some infectious disease vectors High confidence
Mixed effects on malaria incidence and distribution (expansion in some areas, contraction in others) Very high confidence
Increase in the burden of diarrhoeal diseases Medium confidence
Increase in cardio-respiratory morbidity and morality associated with ground-level ozone High confidence
Increase in the number of people at risk of dengue Low confidence
Health benefits include fewer deaths due to cold High confidence
Table 1: Summary of the health impacts of climate change, based on the Intergovernmental Panel on Climate Change Assessment Report Four
(16).
* Degree of confidence in being correct: Very high confidence >9 out of 10 chance; High confidence ~8 out of 10 chance; Medium 
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period in 1995 (52) and at least 50,000 deaths in Europe
in 2003 (53). Children and the elderly are particularly
vulnerable during heat wave events (54). The increasing
number of summer days in urban areas of Quebec and
Ontario declared unsafe for outdoor activity due to
smog and heat can be expected to negatively impact
public health through reduced outdoor and exercise
activities (55). Poor air quality, resulting from smog and
air pollution, is associated with asthma, chronic
respiratory disease and cardiovascular disease, and is a
serious public health issue in Canada. Smog and air
pollution are expected to continue to increase with
climatic change (23, 56). Toronto public health recently
predicted that climate change would cause a 20%
increase in air-pollution related deaths in the city by
2050 (57). 
Many regions are expected to see an increase in
summer storms. This may affect risks associated with
flooding, and will have implications for water quality
and contamination (26, 58-60). A prolonged drought
followed by a high rainfall event – such as a summer
storm – can pick up surface contaminants and flush
them into local waterways, causing a ‘pulse’ in the
contaminant load of local water treatment facilities (26,
40). This scenario was determined to be one of the
factors contributing to the E. coli outbreak in
Walkerton, Ontario in 2000 (61). In addition, higher
than normal rainfall events may exceed expected norms
for sewage treatment facilities, overwhelming treatment
systems. In the Inuit community of Arctic Bay,
increased rainfall has been observed to overflow the
local sewage ponds, contaminating the bay and roads
(62). These scenarios are consistent with climate change
predictions and can be expected to occur more
frequently. 
The distribution of vector-borne diseases will change
(40, 41, 63-65). Warmer and wetter summers will affect
the distribution and survival of pathogens and some
disease vectors such as mosquitoes and ticks (39, 66-
68). Research has already documented possible shifts in
the distribution of the vector of Lyme disease (29, 69-
71), and possible expansion of the potential range of
West Nile virus (WNV) (40, 41, 72). Mosquito vectors
of WNV will be affected by longer summers (40, 41).
Increased incidence of the virus coincides with periods
of prolonged hot weather and increased mosquito
activity (73). Recent research also indicates the
potential for the re-emergence or emergence of exotic
pathogens to Canada, including locally-transmitted
malaria (63). Emergent disease risks are by nature
difficult to predict. Despite this, it is sensible to
anticipate the spread of known diseases into new areas
and the emergence of new diseases. 
There will also be a number of indirect effects on
Canadian health and health care. In many cases, these
indirect pathways are difficult to identify, predict, and
quantify, but may nonetheless be important for
changing health systems in Canada. For example,
changing sea temperatures are likely to impact the
distribution and availability of fish and tree species
through impacts on local weather, affecting the viability
or focus of fisheries and forestry industries, and by
extension the community health and well-being of
resource-dependent communities. In this case, the
concern is not the loss of traditional species per se –
new species are likely to emerge to fill changing niche
conditions – but the rate of change in ecological
systems, and the ability of industries and communities
to adapt to these changes. Similarly, the dramatic spread
of the pine beetle has been facilitated – and many
suggest triggered – by increasingly favourable weather
conditions (74-77). As in the case of the pine beetle,
many of the impacts of climate change on health in
Canada are likely to be the result of indirect causal
processes, and in some cases unforeseen events.
The implications of climate change for health are not
limited to global and national impacts. They will also be
manifest at the municipal level (Table 2) and within
Canada’s health sector (41, 55, 78). For Canada’s health
system, this will result in changing risks. For example,
Sector Health determinants
Social Social status
Social support networks
Economic Income
Employment
Working conditions
Environmental Air quality & air pollution
Drinking water quality
Recreational water quality
Water availability
Food safety & inspection
Regional parks
Environmental planning & impact analysis
Infrastructure and
local works
Housing
Indoor air quality
Vector-control
Land use planning & urban development
Water distribution, recycling & disposal
Sewage treatment & inspection
Transport Public transportation
Transportation systems and road works
Emergency response Emergency & disaster preparedness
Outbreak investigation
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the increased emergence of new, re-emergent and exotic
diseases will mean that conventional expectations of
likely diagnoses by family physicians and primary
health care providers will be insufficient. The potential
for malaria infection in patients with no history of travel
is one such example (63). The increase in extreme
weather events such as heatwaves, floods and storms
will increase pressure on disaster preparedness and
emergency health services and programming (79).
Program planning for emergency health provision will
need to consider future rather than historical
experiences or trends in demand and frequency of
health crises (34, 80-82). Increased health surveillance
will be required to document baseline health measures
and monitor changing health outcomes. This is
particularly important in Canada’s northern
communities where health provision and surveillance
have faced significant challenges and where climate
impacts will develop earlier and more rapidly than in
the South (83, 84). 
RESPONSES 
The good news is that opportunities for avoidance of,
and adaptation to, climate impacts on health are
available, feasible, and in many cases of benefit to
improved health in Canada more broadly (42). Given
the unpredictable nature of many impacts, adaptation,
prevention, and preparedness measures that increase
overall health system capacity are most sensible and
cost-effective – so called ‘win win’ or ‘no regrets’
responses (18, 85-89). These include: Increased
surveillance, particularly of disease vectors, water
quality, and air pollutants; Integration of climate
projections into emergency planning and disaster
preparedness (79); Improved access to preventive care
and primary physician care to promote early detection
of new disease emergence or shifting disease incidence;
Integration of climate change considerations into
education programming for medical students and
primary health care workers; Integration of climate
projection parameters into urban planning to increase
protection against extreme weather events (55, 90-92);
Increased monitoring and evaluation of food production
systems and water monitoring safety given climate
projections (26, 41, 63, 68); Development of heat wave
alerts and responses, and mitigation of urban heat
islands (41, 52, 53, 91), and; Increased multi-national
support for improved health capacity in low and middle
income countries. 
The risk of health impacts resulting from climate
change are not restricted to within our national borders.
The impact of climate change elsewhere, particularly in
low and middle income nations, will influence the
potential for imported infection to Canada. For
example, the introduction and outbreak of SARS in
Toronto in 2002 resulted in 438 cases, 44 deaths and
significant economic losses (93, 94). International
travel may have been responsible for promoting the
introduction of West Nile virus in North America (95-
97). Similarly, a Canadian outbreak of imported malaria
in 1995-97 may have been brought to Canada via
travelers arriving from the Punjab in India, where a
large epidemic had occurred (63, 98-100). More
recently, concern regarding the potential spread or
proliferation of avian influenza has highlighted the
interconnected nature of national health to health
conditions around the world. As such, the health
impacts of climate change in Canada will be influenced
by the health and response capacity of other nations
from or to which Canadians, visitors or trade products
travel. In this context, adaptation, preparedness and
response resources may in some cases be most
effectively and efficiently allocated through supporting
health capacity in other countries. Increased interest and
prioritization of health collaborations in Asia following
the SARS outbreak provides a germane example of a
developing awareness of such risk priorities.
Despite the magnitude and scope of climate change,
the recent global financial crisis has overshadowed
concern for, and prioritization of, climate change
science, policy, and action. While the implications of
economic crisis at the international and national levels
are undoubtedly of legitimate priority and concern,
placing climate issues on the back-burner is misguided
for two reasons. First, while the financial crisis may be
acute and possibly prolonged in the short term –years,
but not decades – the climate change crisis will last well
into the next century and beyond. Investments in health
system capacity and surveillance need to be
implemented in advance of emerging impacts to avoid
and/or mitigate morbidity and mortality. Additionally,
observed climate impacts will begin to rapidly
accelerate over the next decade. In the absence of
genuine and dramatic intervention, climate change
impacts have the potential to be severe and acute on a
scale greatly exceeding the current financial crisis (3, 4,
6, 7). The lack of action on climate change – including
both mitigation of emissions and adaptation to current
and future impacts – is generally rationalized based on
the costs of interventions. The costs of a no-action
approach, however, will be significant. The Stern
Review, an independent assessment commissioned in
the United Kingdom, estimated that a 5-6 °C warming
over the next century could result in losses of up to 20%
of global GDP (101); the report estimates the cost of
mitigating climate emissions and severe impacts at
approximately 1% of global GDP. The health sector,
which makes up 10% of Canada’s Gross National82 Climate Change and Health - Canada Vol. 12  No. 1
Product (GNP) can make a significant contribution to
climate change mitigation and adaptation in Canada
(102, 103). 
It is no longer sufficient to use our past climate
experiences to assess health risks and health system
requirements. Future health systems and care will need
to reflect changing risk conditions; these will differ
from what physicians, primary care professionals, and
public health professionals are accustomed to. Climate
will emerge in the next years and decades as an
increasingly important determinant of individual and
public health in Canada. Reduced individual and
national contributions to greenhouse gas emissions to
avoid severe impacts, combined with proactive
planning and programming for adaptation will be
required. 
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